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Relation Between The National Fire Danger
" Spread Component And Fire Activity

In The Lake States

°

Donald A. Haines, William A. Main and Von J. Johnson

The National. Fire Danger Rating Sys- With the exception of risk, conceptual
tem consists of four descriptive compo- models for the other components of the
.nents" risk, ignition, spread, and energy System are now developed. Although these
release. Each component is intended to components are based on physical laws
provide useful information for judging a governing fire behavior, it is necessary to

potential fire situation. Risk indicates the show how well and in what form they
probablenumber of firebrands landing on serve the purpose for which they were
receptive fuels. The ignition component designed. Empirical relationships between
indicates the probability of ignition if a various indices or index combinations and
firebrand lands on receptive fuels. The fire activity provide such a test and are
spread component indicates the forward also a basis for developing operational
movement of surface fires. The energy guides for firecontrol. Because preliminary
release component indicates the driving indices of spread are familiar, they are
energy from the combustion process that used here to develop a flexible system of• .

maintains the fire. translating fire danger rating into common-

Until recently, only the preliminary ly used measures of fire activity.
indices of the spread component had been Other investigations have tried to de-
applied operationally (USDA Forest Ser- termine such things as "normal" class
vice 1964). Because it was the only de- frequency of the spread component. For
veloped portion of the total system, the example, Barney (1967, 1968)graphed the
spread component was used (or perhaps normals and frequency distribution of the
abused) not 0nly as an indicator of fire buildup index and fine fuel spread index '
spread but also as an indicator of fire in Alaska, and the Minnesota Department
occurrence and burning severity. How- of Conservation (1965, 1966) compiled
ever, there has been only a limited effort class frequencies for that State. Nelson
to determine the statistical relationships (1964) compared cumulated days, fires,
between it and fire activity, and C, D, and E fires by spread indices



and i_he8 anal 8-100 burning index (pre- activity vary during the year? How im-
viously used in some regions). He con- portant is it to include a vegetative stage?
cluded the timber spread index was super- Does the system show more meaningful
ior to the 8 and 8-100 burning index as fire activity relationships in conifers than
both an indi'cator of the probability of in hardwoods or grasslands? We will give
fire occurrence and rate of spread, objective answers to some of these ques-

tions by presenting various empirical rela-
tionships between indices of the spread

Little study of the spread component component and fire activity records in the
has been made beyond the development Lake States. These relationships may also
of frequency classifications. Since 1964 form a base from which comparisons may
the Georgia Forest Research Council has be made between National Fire Danger
published yearly information categorizing Rating System components recently de-
Georgia fire activity by spread component veloped and undergoing refinement.
classes. Fairly close relationships were
found between acres per fire and timber The use of historical fire records in this
spread index (Ryan and Pachence 1965). type of study presents problems. When
Bruce 1 attempted to identify parameters indices are high, fire protection units try
that seemed most useful in accounting for to caution the public, alert fire crews, and
variation in number of fires, and examined maximize suppression ability. Although
spread component indices as input, these factors tend to bias evaluation, they

should not affect such things as seasonal
variation in fire activity or the relationship

NO one has attempted to establish the between spread indices and conifer versus
many possible relationships between the hardwood fires. Hopefully, sufficient data
•National Fire Danger spre.ad component will reduce the influence of other variables,
and fire activity. A number of questions or at least show systematic bias. There-
about spread component have been asked: fore, if treated cautiously, fire activity

Does its reliability as an indicator of fire records can be a valuable tool.

THE DATA BASEAND COMPUTATIONAL PROCEDURE

Daily weather records and fire reports the occurrence was within a 35-mile radius
for April 1 to October 31 were collected of one of these weather sites. Pertinent
from nine areas over the Michigan, Minne- data were taken from fire and weather
sota, and Wisconsin region (fig. 1) for the forms, tabulated, and placed on punched
years 1957 to 1962. Each of these nine cards. The data record contains a total
areas contains a reliable weather observa- of 11,324 observation days, of which 1,958
tion station near its center. Fire infer- days had at least one fire. A total of 4,288
•mation was included in the data only when fires burned 126,095 acres in the nine

• selected areas during this period.

iBruce, D. Development of man-caused fire The various indices of the spread com-
occurrence index. USDA Forest Serv., Pac. ponent were calculated by a computer
Northwest Forest and Range Exp. Sta. Unpub-
lished manuscript. 1965. program developed at the North Central
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Figure 1.-The nine areas from which fire and
weather data were gathered for the years 1957

• to 1962.
..

• DRY BULB IForest Experiment Station (Main 1969) ,_=__, TEMPERATURE/

The program computes the Buildup Index STAGE RELATIVE HUMIDITY !

(BUI), the Fine Fuel Spread Index _//f/
,(FFSI),the Timber Spread Index (TSI), _,,,___
and the Fire Load Index (FLI)2 (fig. 2). MOISTURE PRECIPITATION

The BUI gives a measure of the progressive
drying of fuels (excluding fast-drying fine /

fuels) and is related to the moisture con- _ ) _ DRYING FACTOR _ BUILDUP INDEX

tent of standardized 10-day timelag fuels. 1
FFSI is based on the moisture content of ]

fast-drying fuels coupled with windspeed. '_'_Uo_T:_u,,FU_"
TSI is based on the same factors as the
FFSI, but the BUI is also included. FLI
wasdeveloped to indicate the number of .,,,o
man-hours necessary to control an average __
surface fee. in litter-type fuels. It is a _ "_----._
composite of the TSI and the BUI. These FINE-FUEL TIMBER SPREAD

indices are calculated on a daily basis for s,,,,_A,>INDEX INDEX

vegetative conditions (always green, al-
Figure 2.-Indices and input factors of the spread

ways tranSitional, always cured, or chosen), component.
Vegetative stage refers tothe physiological

condition of the lesser vegetation and not
.... to deciduous trees and shrubs. Chosen

2Keetch (1967). (Fire Load- 1.75 log TSI + vegetative stage was determined by the
0.32 log BUI- 1.640) observer at an individual station and
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entered each day on the station form. If logarithmic transformations. The calcu-
chosen, the cured stage prevails when vege- lated spread-component values can be
tation is 75 percent or more dead or dor- compared with such measures of fire activ-
mant, transition when 25 to 75 percent is i'ty as fires per fire-day, fires burning more
dead or dormant, and green when less than than 10 acres, probability of a fire-day,
25 percent is dead or dormant, and others. Computation was done by

The program also breaks the informa- using mean values over two-unit index-
tioninto season (spring, summer, fall, and increments and was restricted to a scale
all seasons) and cover type (grass, hard- range from 0 to 65. The 0 to 65 restriction
wood, conifer, other, and any). The pro- was imposed because only a few cases
gram then takes the various indices of the occur at the higher end of the scale. Also,
spread component and compares them we suspect that control action is more
with fire data by regression analysis. This intense when the indices are in the upper
is ,done on a linear basis as well as with ranges.

THE SPREADCOMPONENT OVER THE TOTAL FIRESEASON

The. spread component was developed Table 1.-Coefficient of determination (R2) val-
as an indicator of the forward movement ues oJ index by vegetative conditions

• versus Jour fire activity measures (the
of surface fires; therefore, increasing com- data include the entire/ire season for

ponent values should indicate an increasing any cover type)
number of acres burned per fire. Control
action along with natural factors would • :,_o_,_,: •

Index, :Probability. of a . Number of :Acres burned

cerm_my_"--'-- bias this _..._-_L.__.em_on_mp,but the b,w=_v. • o_. :_.D.o__" _'" P'_" p.__.
trend should still be apparent. Table 1 o_.,_o_ • _.-do, • _.-d., "_.-d., •
gives the coefficients of determination _. ,_ _,_.°d
(R2), using various vegetative-stage values _=.d_=,_._ o._._3 o._.__ o.,4._ o.4o.,6

Green .91 .94 .72 .42

of the indices as predictors of four mea- _o.._ .97 .9_ .74 .6_
sures of fire activity, for the entire fire _._ _..dCured .86 .82 .33 .44

season. The highest R9-obtained by linear _._._ ._9 .,_ ._0 ._Green .92 .91 .28 .54

analysis or after transformations is listed. _°"_ .9_ ., ._ ._Buildup .92 .65 .13 .10

value below about ,,_ _..d .68 ._ .2_ .11_I_t _ that Reappears an

0.2 is. not. worth considering.
(table 1). The R 9-values for fires per
fire-day are low for the TSI, BUI, and

The R9- values for acres per fire, al- FLI. They are, however, much higher
though meaningful, are still relatively low when the FFSI is used. Also, the scatter
for all possible vegetative conditions (table along the regression line is acceptable
1). Generally, the amount of variation ex-
plained withthe BUIis low, as is also the (fig. 3).
case with the FLI. Burned-area criteria do The FFSI appears to be a fair predictor
not produceexceptionally high R 2 values, of fires per fire-day for any vegetative
and this is also often the case with another condition except transitional (table 1).
measure of activity- fires per fire-day However, it does a better job as a measure



,.o • Probability of fire-day tabulations
shows that scatter is at a minimum along

_ • the regression line (fig. 4). Here, for in-
stance, one might expect a fire on t day out
of 10 when the value of the FFSI is 10.

_o On the other hand, that fire will probably

be class A or B as the C, D, E fire regression
_._ _ . . line intersects the x-axis at a FFSI value

• _*x " . of 10. When the FFSI reaches 50, there is
_ • _ .o_ " " a 60-percent chance of a fire, and a 40-

_.o percent chance of a large fire (class C, D,
or E).

The probable number of fires can be
"_ determined from the data in figure 3. As

an example, on any given fire-day, if the
fine fuel spread index is near 25, an area

1.0 *" _ i , , ,,o 20 _o ,'o _o _o averages two fires. If the same index is at
c¢.o?_,_,.__o__,_,o ,_o_× 50, an average of three fires occurs.

Figure 3.-The relation between the chosen FFSI ,.oo
and expected fires per fire-day.

ALL FIRES

.90 -- -- --C,D OR E FIRES

.80

of the probability of a fire=day. The total- I
season R 2 value produced by the FFSI for _.,o
chosen vegetative stage is almost unbeliev- ! X

abiy high- 0.97. As pointed out by Fahne- _.,o "
stock (1965) and others, fire occurrence is _
largely influenced by the same weather _ ,'"
factors as fire size, although the relation- _._o . x ,'_" x
ships are someWhat different. Therefore, _ . x,'x xi

One might expect significant relationships _ ,o . . x• " " _X

between indices of spread component and - x ,_"
•fire occurrence. Crosby (1954) and Bruce _._
(1963) also recognized that basically al- :_ x_ x x
most all fire-danger meters sort days into _ • ,,x• _ .20 <3¢b/

.... _ x

classeS with general levels of fuel moisture. " _;"

Both devised methods, with good results, ,o . _"_-_xx
that could employ other fire danger meters -xX/x

as predictors of the probability of fire oc-
curence or the number offires that might °o ,o _ _o ,'o 5'0 _ _o -(CHOSEN) FINE FUEL SPREAD INDEX

be expected in sections of the central Unit-

ed States. Consequently, it should not be Figure 4.-The relationbetweenthe chosen FFSI
surprising that these data produce the and both the probability of a fire-day and the
same close relationships, probability of a C, D, or E fire-day.
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COVER AND SEASONAL CONSIDERATIONS

Thus far we have not considered sea- Table 2.-Coefficient of determination (R2) val-
sonal and cover-type differences. Of the ues of index by cover type versus four

4,288 fires used in this sample, 3,075 were fire activity measures (the data in-
spring, fires, 948 were summer fires, and clude various cover types over theentire fire season using chosen vege-
only 265 were fall fires. The fact that al- tative stage)
most half were grass fires would tend to
negate the usefulness of such things as the
BUI. The BUI is built upon 10-day drying _d._. ,_ob.b.,,"_°b"b_'"_._ o_:• of a Acres burned

: : fires per :
lag characteristics, and grasses may have by cover type of a :.C D, or E per fire• flre-day . ' : flre-day :

a dryhg factor of a few hours. . : fire-day . :
Fine Fuel Spread

Precipitation fits into the TSI scheme _... o._ o._ o., o._Hardwood .89 .88 .47 .37

through the BUI. Obviously, precipitation _o_._ ._ ._ ._ ._• Other .87 .88 .22 .32

• influences fire spread in heavier fuels, but ,_._.__..dGrass ,53 .19 .10 .03

this fact isn't readily apparent when the Hardwood .61 .47 .28 .16Conifer .36 .50 .08 .38

measure is acres per fire (table 2), as R 2 o_,._ ._8 ._5 ._ .o6Buildup

values for the BUI are very low. Also, _.-. ._2 ., ._7 .03• Hardwood .84 .55 . I0 .06

FFSI gives better acres-per-fire R 2 values _o_,_ .83 ._ .oo ._oOther .79 .27 .00 .05

than TSI (table 2) for hardwood, grass, _,_, LoadGrass . I0 .12 .04 .04

and shrub cover, while the TSI gives Hard.ood .86 .40 .10 .11. Conifer .09 .16 .07 .05

the highest R2 for conifer. But the FFSI o_,._ ._7 ._ .o_ .o_
does not use precipitation amount or fre-
quency directly in its computation, while
the TSI does. This result then would be
expected for conifer cover, but would seem
to be the reverse of the expected for hard- Table 3.-Coefficient of determination (R2) val-

ues of index by season versus four fire
wood cover, activity measures (the data include

three seasons, any cover type, using
The probability of a fire-day is in close chosen vegetative stage)

agreement with the chosen FFSI in the
spring (table 3), and additional computa-

• , tions showed that this applies in the spring " ....... :Probability: "
' :rrooaoxlxcy: of a : Number of :

' " Index, : of a .:C, : fires per :Acres burnedfor all cover types. During summer the by season : fire-day • D, or E fire-day " per fire

relationship is poor, but it is somewhat . . fire-day ": ;

better in the fall, with further computations _, Fuel Spread
Spring 0.95 0.91 0.53 0.15

showingthis was especially true for hard- __ .3_ .06 .22 .18Fall .57 .60 .26 .33

Wood.cover. In the summer the R 2 value ,_ season .97 .91 .74 .61
Timber Spread

increases dramatically if we assume the Spring .87 .80 .32 .27Summer .46 .14 .13 .21

cover is always in cured stage instead of _._ ._4 .32 .22 .31
• All season .95 .57 .59 .36

choosing the stage. The same general com- Buildup
Spring .89 .73 .08 .15

ments h01dwith the probabilityofC, D, SummerFall ".5491 ".2647 ".0645 ".0442

or E fire-day. When we consider the fire ,_ season .92 .65 .13 .10
Fire Load

activity to be number of fires per fire-day Spring .54 .26 .04 .33
" Summer .46 .09 .04 .32

at each danger level instead of the proba- _ .23 .22 °08 .09
All season .68 .44 .22 .35

bility of a fire-day, we find the R 2for FFSI ,
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chosen vegetative stage is highest in the be a difference of roughly 0.15 between
Spring and much lower in the summer. R2's before the larger R2 yields a superior

There is a problem in interpreting the relationship. When the R2's are lower, the
importance of the varying R2 values in difference between values that indicate a
thetables. Are we justified in assuming, superior-inferior relationship would have
for example, that a superior-inferior rela- to be even greater. If we apply these meth-
tionship holds between the probability of ods to the stated problem example, we see
a fire-day and the FFSI in grass as against that the FFSI apparently does not give
hardwood (R 2 -" 0.82 and 0.89 respective- differing results in differing cover types for
ly) (table 2)? Fisher's z' transformations the criterion, probability of a fire-day.
method (Brooks and Carruthers 1953) During the summer a special problem
yields confidence limits (at the'0.05 level) develops with all fire activity measures.
for correlation coefficients and may help The data tend to group at the lower end
solve the problem, of the spread index range tmless the vege-

Results of thetransformation of corre- tative stage is considered to be always
lation coefficient for the regression data cured. Cured choice will cause the data
show that if one of the corresponding R 2 to spread over the scale in a better distri-
values.is in the 80's, there would have to bution.

SUMMARY AND CONCLUSIONS

The various indices did not produce On the other hand, when we use the
exceptionally high R 2 values when com- spread component to measure another
pared with the activity measure, acres per form of fire activity- probability of a fire-
fire, although the coefficient of determina- day - we find excellent associations on a
tion values are statistically important in total-season basis and good relationships
many cases. This may be the result of field for many seasons and cover types. What
methods employed in measuring acres this implies is that spread component in-
burned, or because burned acreage is not dices are a good approximation of ignition.

a good way to judge spread, or because of The inclusion of vegetative stage in the
omission of important variables that result indices does not always appear to produce
from control action. As Countryman significantly better relationships. If a sin-
.(1966) states, no danger rating system gle vegetative condition is used, the cured
tries to make a complete evaluation of fire stage is probably best for various forms of
danger, and all, therefore, are partial, not spread. This stage produces a more normal
total, systems, There are just too many distribution over the scale range. A contin-
factors that affect fire danger to include uous choice of green vegetative condition

is especially poor because it gives low-all in an operational system. No usable
scale, skewed distributions.

rating method, consequently, explains total
variation. Also, the present design of the The various forms of the spread com-
spread index may not adequately predict ponent consistently show the best results

• during the spring season in Michigan, Min-
fire spread; however, because the criterion nesota, and Wisconsin. The FFSI and TSI
used here was burned acreage and not rate produce the poorest results during the
of spread measurement, no firm conclusion summer. The R 2 values for the BUI are
can be drawn, lowest in the fall.
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ABOUT THE FOREST SERVICE...

As our Nation grows, people expect and need more from their forests- more

wood; more water, fish, and wildlife; more recreation and natural beauty; more
special' forest products and forage. The Forest Service of the U.S. Department
of Agriculture helps to fulfill these expectations and needs through three major
activities"

• • Conducting forest and range research at over
75 locations ranging from Puerto Rico to
Alaska to Hawaii.

• • Participating with all State forestry agencies
in cooperative programs to protect, improve,

• and wisely use our Country's 395 million acres
of State, local, and private forest lands.

. • Managing and protecting the 187-million acre
National Forest System.

The Forest Service does this by encouraging use of the new knowledge that
research scientists develop; by setting an example in managing, under sustained
yield, the National Forests and Grasslands for multiple use purposes; and by
cooperating with all States and with private citizens in their efforts to achieve
better management, protection, and use of forest resources.

Traditionally, Forest Service people have been active members of the commu-

nities and towns in which they live and work. They strive to secure for all,
continuous benefits from the Country's forest resources.

For more than 60 years, the Forest Service has been serving the Nation as a
leading natural resource conservation agency.
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